###### Strengths and limitations of this study

-   The results of the current study are based on serological, genetic and biopsy results (when required).

-   Statistical analysis of HLA typing suggests that patients with Kawasaki disease (KD) do not have a higher prevalence of coeliac disease.

-   The relatively small number of subjects in our study can be considered a limitation; however, KD is not a frequent disorder in Brazil and most likely underdiagnosed.

Introduction {#s1}
============

Kawasaki disease (KD) is an acute, primarily paediatric (80% in children between 6 months and 4 years), self-limited systemic vasculitis that results in coronary artery abnormalities in up to 25% of untreated children.[@R1] Although the initial description of its aetiology was made almost 50 years ago, the trigger is still unknown, and its diagnosis depends essentially on clinical data since there are no reliable tests available.[@R2]

Epidemiological data from surveys conducted mainly in Japan show that incidence of KD depends on a variety of factors. Cases of the disorder tend to cluster geographically and by season, and it has been suggested that infectious agent(s) may be involved, leading to an abnormal immunological response in genetically susceptible individuals. The existence of an underlying genetic factor is suggested by the higher incidence in the Asian population and by increased risk of the disease in patient's close relatives.[@R3] A comparison with the general population showed that the risk of KD is 10 --30 times higher in siblings of patients with KD[@R2] and the odds of having sibling cases are significantly increased in patients with parental history of KD.[@R4] Analysis of KD seasonality of extratropical regions in the Northern hemisphere discloses a defined seasonal structure with higher number of cases in the winter and low number in the summer.[@R5] These seasonal variations were also tentatively associated with tropospheric wind patterns originating in central Asia and traversing the North Pacific suggesting that an environmental trigger for KD could be windborne.[@R6]

Coeliac disease (CD) is a systemic inflammatory autoimmune disease characterised by a permanent intolerance to gluten in genetically susceptible individuals. CD has a complex pathogenesis characterised by a strong interplay of environmental, genetic and immunological factors.[@R7] Serological screening is the main diagnostic test for CD, mainly based on the presence of IgA anti-transglutaminase antibodies (IgA-tTG) that has a sensitivity of 98%, and IgA anti-endomysium antibodies (IgA-EMA), which has a specificity of 99%--100% in subjects positive for IgA-tTG.[@R8] CD has a strong genetic association with the haplotype HLA-DQ2 found in 90%--95% of patients with CD, and haplotype HLA-DQ8 in the remaining subjects.[@R7]

CD frequently occurs in association with other autoimmune diseases such as type 1 diabetes mellitus (T1DM), Hashimoto's thyroiditis, rheumatoid arthritis and Sjögren syndrome among others.[@R7] An association between CD and KD was previously described in a single research paper that disclose a surprisingly high prevalence of CD among children with history of KD.[@R11] This study evaluated 90 Italian children (57 boys and 33 girls, median age 5.2 years) and 150 controls, matched for age and sex. The analysis of the results disclosed some inconsistencies regarding an undoubtable diagnosis of CD among the children with a history of KD, mainly due to the low levels of CD specific antibody markers and the lack of details of the intestinal--mucosal biopsy findings.

Consequently, the main objective of the present study was to attempt to replicate this surprisingly high prevalence of CD in a group of Brazilian children with a history of KD. Additionally, to conclusively clarify the possible existence of an increased predisposition to CD in children with a history of KD, we also performed a genetic screening to determine the frequency of HLA predisposing alleles for CD among the KD study group.

Patients and methods {#s2}
====================

The study included a convenience sample of 110 children with a history of KD, diagnosed and followed at the Rheumatology Clinic of the Children's Hospital of Brasilia (Brasilia, Brazil) from June 2014 to June 2016. KD diagnosis was established according to the American Academy of Pediatrics and American Heart Association's criteria.[@R12] The diagnosis of CD was achieved according to the revised guidelines of the European Society of Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN).[@R13] The study complied with the principles of the latest Declaration of Helsinki.[@R14] After extensive explanation of the purpose and procedures involved in the research, a written informed consent was obtained from the children's parents or caregivers. The study group consisted of 110 children with a history of KD (66 males, 44 females, mean age: 3 years 8 months, median: 3 years, age range: 2--9 years). At the time of the screening for CD, the mean age of the group was 6 years, median: 5 years, age range: 4--11 years. The control group was composed of 110 children without a history of KD (47 males, 63 females, mean age: 7 years 4 months, median: 7 years 3 months, age range: 2--15 years) attended at the Central Clinical Laboratory of the Brasilia University Hospital for blood investigations performed for routine health checkups, suspected or recurrent infections or preoperative tests.

Serum samples from both groups were tested to determine IgA-anti-tTG levels by enzyme-linked immunosorbent assay (QUANTA Lite h-tTG IgA ELISA, INOVA Diagnostics, San Diego, California, USA) and IgA-EMA by indirect immunofluorescence assay (NOVA Lite Monkey Esophagus IFA-INOVA Diagnostics, San Diego, California, USA) following manufacturer's instructions. Duodenal biopsies were performed in the patients who were tested positive for both serological examinations.

Genomic DNA was extracted from each whole blood sample using Illustra Blood Genomic Prep Mini Spin kit (GE Healthcare, Buckinghamshire, UK) according to manufacturer's instructions. The presence or absence of CD *HLA-DQ* predisposing alleles (*DQA1\*05 - DQB1\*02* and *DQA1\*03 - DQB1\*03:02*, which code for class II MHC DQ2 and DQ8 molecules, respectively) was tested in all samples using real-time PCR (qPCR; StepOnePlus Syste-Applied systems). PCR reaction was performed according to Selleski *et al*[@R15] for the genotyping of DQA1\*05, DQB1\*02 and DQA1\*03. Typing of the *DQB1\*03:02* allele was performed as described by Profaizer *et al*.[@R16]

Statistical analysis was performed using GraphPad Prism V.7 for Windows. Fisher's exact test was chosen to compare data between groups, only results with P\<0.05 were considered significant. Statistical analysis included the 't-test' for continuous variables and 'Fischer's exact test' for prevalence.

Results {#s3}
=======

Diagnosis of CD was obtained in one 5-year-old boy (1/110%--0.91%) that disclosed elevated titres of IgA-tTG (114 U; normal value ≤20 U/mL) and strong positive IgA-EMA test (positive to a dilution of 1:160). Both HLA CD predisposing alleles for CD (HLA DQ2 and DQ8) were detected on genetic analysis. Finally, CD diagnosis was confirmed by biopsy of mucosal samples obtained from the duodenal bulb and descending duodenum that showed a Marsh-3A degree of villous atrophy. His clinical evaluation did not show any signs or classic symptoms that could have suggested CD. Our routinely performed investigations on first-degree relatives of patients with CD disclosed that his older sister (age 13) had positive serological tests (IgA-tTG: 94 U/mL and IgA-EMA IgA positive to a dilution of 1:80) and duodenal biopsy compatible with Marsh-I degree of villous atrophy. All serological tests (IgA-EMA and IgA-tTG) performed on the control group yielded negative results.

The genetic screening of the children with KD disclosed a total of 32 (29.09%) carriers of CD predisposing variants. Three children (2.73%) were positive for both HLA-DQ2 and DQ8, 15 (13.64%) disclosed only HLA-DQ2 (DQA1\*05, DQB1\*02) and the HLA-DQ8 variant (DQA1\*03, DQB1\*03: 02) was found in 14 (12.73%). HLA typing of the control group revealed a total of 37 (33.64%) predisposing variants. A comparison of the results obtained from the children with KD and controls can be seen in [table 1](#T1){ref-type="table"}.

###### 

Results of the real-time PCR analysis (qPCR) for DQ2 and DQ8 coeliac disease predisposing alleles among the children with Kawasaki disease and controls

  Genotype   Kawasaki group (n=110)   Controls (n=110)   P value           
  ---------- ------------------------ ------------------ --------- ------- -------
  DQ2/DQ8    3                        2.73               1         0.91    0.621
  DQ2        15                       13.64              20        18.18   0.463
  DQ8        14                       12.73              16        14.5    0.844
  Total      32                       29.09              37        33.64   0.561

Discussion {#s4}
==========

Abnormal immunological response elicited by gluten-derived proteins can lead to the production of several different autoantibodies, which affect distinct systems and justify the frequent association of CD with other autoimmune diseases. Additionally, CD often display a pronounced genetic overlapping with other autoimmune diseases.[@R7] Consequently, patients with CD frequently exhibit concurrent autoimmune diseases, conversely patients with other autoimmune diseases may also be affected by CD, particularly those with T1DM or thyroid disease such as Hashimoto thyroiditis and Graves' disease.[@R7] T1DM is probably the most frequent disorder associated with CD, since 5%--8% of patient with T1DM have CD and vice versa.[@R7] This close association has been ascribed to the same HLA pattern, namely HLA-DQ2 and/or DQ8, which predisposes individuals to both disorders.[@R19] Currently, the positions of the ESPGHAN is that paediatric endocrinologists should screen all patients with T1DM for CD soon after diabetes is diagnosed, since manifestations of CD are often subtle, making early screening extremely relevant.[@R13]

On the other hand, the association of KD with other autoimmune diseases has rarely been observed and has been restricted to case reports; however, a single screening study conducted in Italy stands out as an exception. Their results yielded a surprisingly high prevalence (5.5%) of CD among children with a history of KD.[@R20] This is a very high prevalence, comparable with the prevalence of 5.6% found among Sahrawi children living in the Western part of the Sahara desert, which is presently still considered the highest worldwide prevalence of CD.[@R21] Such a high prevalence would place the risk of CD in patients with a history of KD at the same level of any other group considered highly prone to CD, as is the case for T1DM, Down's syndrome and first-degree relatives of patients with CD. Consequently, this would turn screening for CD in all children with history of KD mandatory.

The relatively small number of subjects in our study can be considered a limitation; however, KD is not a frequent disorder in Brazil and most likely underdiagnosed, making the recruitment a challenge. Also, a meaningful sample calculation would not be possible because the prevalence of KD in Brazil is unknown.

In our study, only one patient (0.91%) among the 110 children with a history of KD had a confirmed diagnosis of CD. No case of CD was found among controls. The prevalence found in the KD group is similar to that found worldwide in the general population which is approximately 1%.[@R22]

Genetic typing for the presence of predisposing variants among KD children and controls yielded similar results with 29.09% of predisposing variants among children with KD and 33.64% among controls. Genetic factors are necessary but not sufficient to development CD since as many as 20%--40% healthy subjects in the general population also carry either HLA-DQ2 or HLA-DQ8 haplotype or a combination of both, but only 3%--4% of that population will eventually develop CD.[@R10] Therefore, the value of HLA typing in CD is mainly considered for its negative predictive value since this disorder in the absence of these genetic markers is extremely rare.[@R7] Consequently, the comparison of the percentage of predisposing alleles between KD group and control leads inevitably to the conclusion that both groups have similar predisposition to CD, which is also similar to that found in the general population.

Conclusion {#s5}
==========

Although our study has the weakness of being based on a small number of patients and controls, our result suggests that children with a history of KD neither have an increased prevalence nor an heightened predisposition to CD.
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